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(54) Semiconductor device 

(57) An object of the present invention is to provide 
a semiconductor device, which is able to provide a 
desired output voltage of the ECM without signal loss 
caused by parasitic capacitances. 

A semiconductor device comprises a semiconduc- 
tor substrate: integrated network elements including an 
input transistor being integrated on the semiconductor 
substrate, the input transistor having an input terminal; 



a first bonding pad connected to the input terminal of 
the input transistor for testing properties of the input 
transistor; a second bonding pad connected to one of 
the integrated network elements for external connec- 
tion; and a surface area of the first bonding pad being 
smaller than that of the second bonding pad. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001 ] The present invention relates in general to a 
semiconductor device, and relates in particular to a 
semiconductor device, which is appropriate for driving 
an electret condenser microphone. 

Description of the Prior Art: 

[0002] An electret condenser microphone (ECM) is 
an element, which is used to convert aerial vibrations 
such as voice to electric signals representing changes 
in capacitance values. Because its output signal is very 
weak, an element for amplifying the output signal of the 
ECM is required to have characteristics of high input 
impedance, high gain, and low noise. 
[0003] There are elements that satisfy these 
requirements, which are the junction field-effect transis- 
tor (J-FET) and the metal-oxide semiconductor field- 
effect transistor (MOSFET). As described in Japanese 
Laid-Open Patent Publication 58-197885, for example, 
especially the J-FET element is easily mountable to be 
integrated in a bipolar integrated circuit. 
[0004] Fig. 1 shows a cross-section of a p-channel 
J-FET device. As shown in the diagram, the J-FET 
device includes a p-type substrate 1 ; an n-type epitaxial 
layer 2 deposited on the substrate 1 : an nMype buried 
layer 3 formed between the substrate 1 and epitaxial 
layer 2; a p + -type isolation region 4 penetrating from the 
surface of the epitaxial layer 2 into the substrate 1 and 
surrounds the buried layer 3 to form an island region 5. 
[0005] An n + -type top gate region 6 is formed in the 
surface of the island region 5. A p-type channel region 7 
is formed below the top gate region 6. A p + -type source 
region 8 is formed on one end of the channel region 7. 
and a p + -type drain region 9 is formed on the other end. 
Highly concentrated n + -type gate contact regions 10 are 
formed on the outside of the source region 8 and drain 
region 9, respectively. 

[0006] An insulating film 16 is deposited on the top 
surface of the entire device. A source electrode 11 S, 
drain electrode 11D, and gate electrode 11G are con- 
nected to above mentioned regions 8,9.10 respectively 
through the insulating film 16. The resulting configura- 
tion is that of a conventional p-channel J-FET 
[0007] According to the p-channel J-FET. a pn junc- 
tion is formed in the gate region. Hence, the junction 
can be reverse-biased to control the width of the deple- 
tion layer and restrict the drain current. 
[0008] When integrating other functions in the sem- 
iconductor device, a p-type base region 12, an n + -type 
emitter region 13, and an n + -type collector contact 
region 14 are formed in another island region 5, which 
works as an npn bipolar transistor. The npn transistor 



processes signals received by the J-FET element, act- 
ing as an element of overall construction of an inte- 
grated network. 

[0009] However, when the elements above men- 
s tioned are used to amplify signals from an ECM, it may 
be required to provide an extended electrode 15 in the 
device that has a surface area much larger than that of 
the devices electrode pads. 

[0010] This construction generates a parasitic 
10 capacitance C1 between the extended electrode 15 and 
epitaxial layer 2 sandwiching the insulating film 16 ther- 
ebetween, and a pn junction capacitance C2 between 
the epitaxial layer 2 and substrate 1. These capaci- 
tances are connected to a substrate-biased ground 
is potential GND. The values of these capacitances can 
reach as much as several tens of pF, which is a level that 
cannot be ignored. 

[0011] Fig. 2 shows a schematic circuit diagram 
including capacitances C1 and C2. The ECM is con- 

20 nected on one end to a gate (input terminal) of a J-FET 
17. The source electrode of the J-FET 17 is grounded. 
The drain eiectrode of the J-FET 17 is connected to an 
output terminal OUT. The output terminal OUT is con- 
nected to an integrated network, including an npn tran- 

25 sistor or the like that is formed on the same substrate. 
The capacitances C1 and C2 described above are con- 
nected in series between the gate electrode of the J- 
FET 1 7 and the ground potential. Accordingly, signals 
output from the ECM flow to the ground via the capaci- 

30 tances C1 and C2, as illustrated in the diagram by a cur- 
rent i. As a result, the signal level applied to the gate 
electrode of the J-FET 1 7 drops, thus the desired output 
voltage can not be obtained. 

[001 2] Sometimes it is required to add a test pad for 
35 measuring the properties of the input transistor during 
the fabrication process. As shown in Fig. 3, a test pad 
18 is formed on the insulating film 16, as with the 
extended electrode 15 shown in Fig. 1, and connects to 
the gate electrode 1 1G of the input J-FET for testing the 
40 behavior of the J-FET before shipping. As with the 
input/output pads of the integrated network, the test pad 
18 is usually formed in a rectangular shape with one 
side measuring 100-300 am. The p + -type isolation 
region 4 is formed on the underside of the test pad 18. 
45 As a result, a parasitic capacitance C3 is generated by 
the test pad 18 and the isolation region 4. This capaci- 
tance C3 is connected in parallel to the capacitances C1 
and C2, as shown in Fig. 2, further increasing leakage 
in the current flowing to the ground potential GND. 

so 

SUMMARY OF THE INVENTION 

[001 3] In view of the foregoing, it is an object of the 
present invention to provide a semiconductor device, 
55 which is able to provide a desired output voltage of the 
ECM without signal loss caused by parasitic capaci- 
tances. 

[0014] To achieve the object of the present inven- 
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tion. there is provided a semiconductor device, compris- 
ing: a semiconductor substrate; integrated network 
elements including an input transistor being integrated 
on the semiconductor substrate, the input transistor 
having an input terminal; a first bonding pad connected 
to the input terminal of the input transistor for testing 
properties of the input transistor; a second bonding pad 
connected to one of the integrated network elements for 
external connection; and a surface area of the first 
bonding pad being smaller than that of the second 
bonding pad. 

[0015] The above and other objects, features, and 
advantages of the present invention will become appar- 
ent from the following description when taken in con- 
junction with the accompanying drawings which 
illustrate a preferred embodiment of the present inven- 
tion by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Fig. 1 is a cross-sectional diagram showing the 
structure of a conventional semiconductor device; 
Fig. 2 is a schematic circuit diagram for the relevant 
parts of the conventional semiconductor device; 
Fig. 3 is a cross-sectional diagram showing the 
structure of a conventional semiconductor device; 
Fig. 4 is a cross-sectional diagram showing the 
structure of a semiconductor device according to 
the present invention; 

Fig. 5 is a plan view showing the semiconductor 
device of Fig. 4; 

Fig. 6 is a schematic circuit diagram for the relevant 
parts of the semiconductor device of Fig. 4; 
Figs. 7A and 7B are cross-sectional diagrams 
showing the fabrication process of the semiconduc- 
tor device of Fig. 4; 

Figs. 8A and 8B are cross-sectional diagrams 
showing the fabrication process of the semiconduc- 
tor device of Fig.4; and 

Fig. 9 is a cross-sectional diagram showing the fab- 
rication process of the semiconductor device; 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] A semiconductor device according to a pre- 
ferred embodiment of the present invention will be 
described while referring to the accompanying draw- 
ings. 

[0018] Fig. 4 is a cross-sectional diagram showing 
a semiconductor device of the present invention. An n- 
channel junction field-effect transistor (J-FET) is formed 
and integrated on the same substrate with an npn tran- 
sistor and so on. 

[0019] The semiconductor device shown in Fig. 4 
includes a single-crystal silicon substrate 21 . The resis- 
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tivity of the substrate used in ordinary bipolar integrated 
circuits is usually 2-4 Ocm or at most 40-60 Ocm. In 
contrast, the substrate 21 used in the semiconductor 
device of the present embodiment has a resistivity of as 

5 high as 100-5,000 Ocm. 

[0020] In the surface of the substrate 21 , an n + -type 
buried layer 22 is formed, and an n-type epitaxial layer 
23 is formed on the buried layer 22. A plurality of island 
regions 25 is formed in the epitaxial layer 23. which is 

10 junction-isolated by p + -type isolation regions 24. One of 
the island regions 25 is provided with a pMype buried 
layer 26 superimposed on the n + ype buried layer 22. 
The p + -type buried layer 26 is connected with a p-type 
well region 27 formed by diffusion from the surface of 

15 the island region 25. The surface of the well region 27 is 
formed with an n-type channel region 28 and a p + -type 
top gate region 29 formed on top of the channel region 
28. The n-type channel region 28 is buried at a level 
below the surface of the epitaxial layer 23. The well 

20 region 27 serves as a back gate. 

[0021] PMype gate contact regions 30 are formed 
so as to cover the diffused surface of the well region 27 
having p-type low concentration, and the p + -type gate 
contact regions 30 are superimposed on the ends of the 

25 channel region 28 and top gate region 29. An n + -type 
source region 31 and an n + -type drain region 32 are 
fbrmied so as to penetrate the channel region 28. A 
potential applied to the gate controls a width of the 
depletion layer in the channel region 28 in order to con- 

30 trol current in the channel between the source and drain 
regions. A silicon oxide film 42 is deposited on the sur- 
face of the entire device. A source electrode 33. a drain 
electrode 34, and a gate electrode 35 are formed to 
connect to the source region 31, drain region 32. and 

35 gate contact regions 30, respectively. 

[0022] A p-type base region 36 is formed in the sur- 
face of another island region 25 and an n + -type emitter 
region 37 is formed in the surface of the base region 36. 
thereby completing an npn transistor with the island 

40 region 25 serving as the collector. An n + -type collector 
contact region 38 is also formed in the island region 25. 
An emitter electrode 39. base electrode 40. and collec- 
tor electrode 41 are formed to connect to the emitter 
region 37, base region 36, and collector contact region 

45 38, respectively. 

[0023] Each electrode in this group is in ohmic con- 
tact with the surface of the corresponding diffused 
region and extends above the oxide film 42, which cov- 
ers the surface of the epitaxial layer 23. The electrodes 

so form an integrated network by connecting to each circuit 
element. The gate electrode 35, which is connected to 
the J-FET gate, extends above the oxide film 42 and 
connects to an extended electrode 43. The extended 
electrode 43 might be composed in a circular pattern 

55 having a diameter of 1.0-1.5 mm. The extended elec- 
trode 43 connects to an ECM. 

[0024] One of the island regions 25 surrounded by 
the isolation region 24 is positioned under the extended 
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electrode 43 such that the oxide film 42 is interposed 
between the extended electrode 43 and island region 
25. The substrate 21 having a high resistivity is dis- 
posed below the island region 25. This portion of the 
device is not provided with an nMype buried layer 22 5 
and does not contain a circuit element. A p-type diffu- 
sion region 44 is formed on the surface of the substrate 
21 , excluding the area under the extended electrode 43, 
in order to obtain a resistivity lower than that of the sub- 
strate 21. With this structure, the p + -type isolation 10 
region 24 extends from the surface of the epitaxial layer 
23 to the p-type diffusion region 44. 
[0025] The diffusion region 44 is formed to take on 
the role assumed by the conventional semiconductor 
substrate. The diffusion region 44 has a diffusion depth 15 
of 10-20 nm, a peak impurity concentration of approxi- 
mately TO 16 atoms/cm 3 , and a resistivity p of approxi- 
mately 1 -4 ncm. A diffusion region with this high level of 
an impurity concentration can prevent current leakage 
between island regions 25.25. An electrode 45 is 20 
formed on the surface of the isolation region 24 for pro- 
viding the ground potential GND to the diffusion regions 
44 through the isolation region 24, and the ground 
potential GND is given thereby for junction-isolation. 
The island region 25 below the extended electrode 43 25 
exists in a floating state in which no potential is applied. 
Similarly, the island region 25 enclosing the J-FET ele- 
ment itself also exists in a floating state. The substrate 
21 has a thickness of 200-400 jim. Whether an elec- 
trode of the backside of the substrate 21 is given the 30 
ground potential GND or not. is optional. 
[0026] Each input/output portion of the integrated 
network is provided with an electrode pad comprised by 
an aluminum electrode. One of the electrode pads is a 
bonding pad 53, which is connected to the electrode 45 35 
for grounding. The bonding pad 53 has a rectangular 
shape with each side measuring 100-300 urn. As with 
the extended electrode 43, the bonding pad 53 extends 
above the oxide film 42. Other electrode pads are simi- 
larly configured. A test pad 54 is connected to the gate 40 
electrode 35 apart from the extended electrode 43 for 
testing purposes. The test pad 54 is smaller than the 
other electrode pads with one side measuring 50-150 
jim. The basic configuration of the test pad 54 is similar 
to that shown in Fig. 3. These pads are disposed around as 
the peripheral of the semiconductor chip. 
[0027] Rg. 5 is a plan view showing the overall lay- 
out of the semiconductor chip 50. The chip 50 is approx- 
imately 2.5 x 3.0 mm. The extended electrode 43 is 
disposed in approximately the center portion of the chip so 
50 and has a diameter of approximately 1.0-1.5 mm. 
Various types of passive and active elements for form- 
ing an integrated network are disposed around the 
periphery of the extended electrode 43. The gate elec- 
trode 35 of a J-FET element 51 is connected to the ss 
extended electrode 43 by an electrode 52. A plurality of 
bonding pads 53 for outer connection is disposed at the 
periphery of the semiconductor chip 50. The bonding 



pads 53 have a square shape with one side measuring 
100-300 pm. The test pad 54 is also connected to the 
gate electrode 35 of the J-FET element 51 via an elec- 
trode 55. The test pad 54 is smaller than the bonding 
pad 53 with each side measuring 50-150 urn. The test 
pad 54 is not connected to a bonding wire. The test pad 
serves to measure properties of the J-FET element 51 
when wafer fabrication process is completed. Once 
tests have been completed, the test pad 54 no longer 
serves a purpose. Accordingly, while the bonding pad 
52 connects to an external connector such as a bonding 
wire or a solder ball, the test pad 54 does not connect to 
anything externally in its mounted state. Hence, by con- 
structing a smaller test pad 54, it is possible to decrease 
the parasitic capacitance C3 between the test pad 54 
and p + -type isolation region 24. 
[0028] By giving the substrate 21 beneath the diffu- 
sion region 44 a high resistivity, the series resistance of 
the substrate 21 is extremely high. For considering elec- 
trical circuit, the state of the substrate 21 could almost 
be called an insulated state. Therefore, even if the cir- 
cuit generates the capacitance CI by the extended 
electrode 43 and isolation region 24 with the oxide film 
42 serving as a dielectric and the capacitance C2 at the 
pn junction between the island region 25 and substrate 
21, the work of the series resistance R creates a near 
insulated state high resistance at the end connection of 
the capacitance C2. 

[0029] Fig. 6 shows a diagram of a circuit that 
includes the parasitic capacitances C1-C3. The para- 
sitic capacitances C1< and C2 generated beneath the 
extended electrode 43 and the parasitic capacitance C3 
generated beneath the test pad 54 are connected in 
parallel between the gate electrode and the ground 
potential GND. In the semiconductor device according 
to the present embodiment, the value of the capaci- 
tance C3 is decreased by selectively decreasing the 
size of the test pad. Also, the leakage current i is 
decreased by connecting a series resistance R in series 
with the capacitances C1 and C2. 
[0030] Although another capacitance C3* gener- 
ated by the pn junction between the island region 25 
and isolation region 24 is connected between the 
capacitance C1 and the ground potential GND, this 
capacitance C3* is within a negligible range (several pF 
to several tens of pF of C1) t when considering the sur- 
face ratio. However, when designing a pattern to take 
into account the capacitance C3\ the electrode would 
ideally not be disposed on the surface of the isolation 
region 24 surrounding the extended electrode 43. 
[0031] Next, a method of manufacturing the above- 
mentioned high resistivity substrate 21 will be 
described. 

Step 1 : referring to Fig. 7A 

[0032] A substrate 21 as described above is pre- 
pared with high resistivity. A p-type substrate is used as 
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the starting point. If the resistivity is more than 1 ,000 
flcm, however, it is difficult to define the conducting 
type, but it could be called an intrinsic (i) layer. The sur- 
face of the substrate is treated with thermal oxidation to 
form an oxide film 60. A resist mask 61 is formed over s 
the oxide film 60. Boron (B) is selectively implanted in 
the entire surface of the substrate 21 , except for areas 
0 masked out with the resist mask 61 for disposing the 
extended electrode 43. 

10 

Step 2: referring to Fig. 7B 

[0033] The entire surface is heated at 1,100°C for 
several hours to thermally diffuse the implanted boron 
and form the p-type diffusion region 44 in the surface of is 
the substrate 21 . The diffusion depth and impurity con- 
centration are as described above. 

Step 3: referring to Fig. 8A 

20 

[0034] Antimony (Sb) is diffused in the surface of 
the substrate 21 to form an n + -type buried layer 22. 
Next, boron is implanted in the surface of the substrate 
21 to form the p + -type buried layer 26 and an isolation 
region 24a. 2s 

Step 4: referring to Fig. 8B 

[0035] Next, the epitaxial layer 23 is formed by 
vapor deposition. The epitaxial layer 23 has a thickness so 
of 5-1 2 jim and a resistivity p of 5-20 Qcm. 
[0036] A thermal diffusion process is performed 
repeatedly to form the various diffusion regions. Alumi- 
num is deposited in through sputter deposition, and pat- 
terning is carried out to form various electrodes, 35 
including the extended electrode 43, bonding pad 53. 
and test pad 54 to complete the configuration shown in 
Fig. 4. 

[0037] Fig. 9 is a cross-sectional diagram of the 
semiconductor device showing another embodiment of 40 
the manufacturing method. The previous embodiment 
used a substrate 21 with high resistivity to create a state 
of high resistivity beneath the extended electrode. In the 
present embodiment, however, an n-type impurity 
(arsenic, antimony, etc.) is selectively diffused beneath 45 
the extended electrode 43, thereby offsetting the con- 
ductivity and increasing resistivity. 
[0038] Fig. 9 shows that a substrate 21 is prepared, 
which has a resistivity of 2-4 ncm, and which is gener- 
ally used for fabricating ordinary bipolar integrated cir- so . 
cuits. A predetermined mask is formed on the surface of 
the substrate 21 and an n-type impurity (arsenic, anti- 
mony, etc.) is selectively implanted in the region 
beneath the extended electrode 43, and a high resistiv- 
ity region 70 is formed through thermal diffusion of the ss 
n-type impurity by offsetting the conductivity and 
increasing resistivity thereof. An appropriate amount of 
dose and thermal process should be selected so as to 



obtain the high resistivity region 70 at a resistivity of 
100-5,000 Qcm. 

[0039] After then, the same process as described 
before is conducted again to obtain a structure, which is 
shown in Fig. 4. Thus, the semiconductor device has the 
high resistivity region 70 formed in the surface of the 
substrate 21 beneath the extended electrode. 
[0040] In the embodiment described above, an n- 
channel J-FET was described, but it is also possible to 
form a p-channel J-FET in the semiconductor device. 
Further, a J-FET was used as the input transistor, but it 
is also possible to use an n-channel or p-channel MOS- 
FET element. 

[0041] In a semiconductor device according to the 
present invention, the surface area of the test pad 54 is 
smaller than that of the other bonding pads 53. Accord- 
ingly it is possible to decrease the parasitic capacitance 
C3 between the test pad 54 and the ground potential 
QND, thereby decreasing leakage in current flowing to 
the ground potential GND. 

[0042] Further, by providing a high resistivity sub- 
strate 21 or a high resistivity region 70. it is possible to 
create a near insulated state between the capacitances 
C1/C2 and the ground potential GND beneath the 
extended electrode 43. As a result, the present inven- 
tion can decrease the leakage current i and prevent a 
drop in the level of signal inputted by the ECM, thereby 
resolving the problem inherent in conventional devices. 
[0043] Even though using a high resistivity sub- 
strate for the substrate 21 in the present invention, a dif- 
fusion region 44 is provided beneath the circuit 
elements so as to ensure the role performed by the sub- 
strate in conventional devices. With this configuration, it 
is possible to prevent leakage between the island 
regions 25, thus achieving to ensure junction isolation 
between the circuit elements. 

[0044] Although a certain preferred embodiment of 
the present invention has been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

Claims 

1 . A semiconductor device comprising: 

a semiconductor substrate; 
integrated network elements including an input 
transistor being integrated on the semiconduc- 
tor substrate, the input transistor having an 
input terminal; 

a first bonding pad connected to the input ter- 
minal of the input transistor for testing proper- 
ties of the input transistor; 
a second bonding pad connected to one of the 
integrated network elements for external con- 
nection; and 

a surface area of the first bonding pad being 
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smaller than that of the second bonding pad. 

2. A semiconductor device according to claim 1, 
wherein the input terminal of the input transistor is 
connected to an electret condenser microphone. s 

3. A semiconductor device according to claim 1 , 
wherein the input transistor is a junction field-effect 
transistor. 

10 

4. A semiconductor device according to claim 1, 
wherein length of one side of the first bonding pad 
is 50-150 urn, and length of one side of the second 
bonding pad is 100-300 jim. 

5. A semiconductor device according to claim 1, 
wherein the resistivity of the substrate is as high as 
100-5,000 Ocm. 

6. A semiconductor device according to claim 1, 20 
wherein the resistivity of the substrate beneath the 
extended electrode is controlled by impurity diffu- 
sion so as to offset the conductivity. 

7. A semiconductor device according to claim 5. 25 
wherein a diffusion region is provided beneath the 
circuit elements so as to prevent leakage between 
island regions. 

30 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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